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INTERPRETIVE SUMMARY 

Using a hand-held radloueter with bandpass characteristics 
sluilar to those on jo'esent LANl^T satellites, spectrel reflectence 
•easureuents of Prodora wheat fields were aade at 13 different times 
of the day at Phoenix, Arlsoiui. The oain objective was to deteraine 
the effect of changing sun angles on the reflectance properties of 
canopies in various phonological stages and with different levels of 
green leef area index (^iAI). Results indicated that diurnal 
changes in each of the four LANDSAT wavebands and several indices 
derived froa them are related to canopy architecture, percent cover 
and vertical distribution of green leaves within the canopy. An 
analysis using our data showed that substantial errors could be 
Introduced into the estimate of (RAI froa spectral observations if 
tlM diurnal patterns of reflectance caused by changing sun angles are 
not properly accounted for. 


I. nrCKODDCTIOH 


Eeeant d«v«lopMiits in hnnd**lMld radlMMtry [1] bavn pnvnd thn 
«my for tli* rapid collaction of broad navoband apeetral data orar 
axpariaantal atrienltural plota* Such data ara eaaantlal to davalop 
and undaratand tha ralationahlpa batwaan apaetral and agrononie data* 
■ueh aa leaf araa indas (L4I), blonaas and ylald* In tum» thasa 
ralationahlpa should provide naadad Inforaatlon to laprova tha 
Intarpratation of satalllta data and provide Inputs tovard tha design 
of future satalllta Instruaantatlon and orbital characteristics* 
6round~basad and aircraft-collected spectral data are not Halted to a 
specific tiaa-of-day acquisition, as are present LANDSAT satellite 
data. Instead, they are controlled by other constraints, such as 
those laposed by weather, personnel and equipaent availability. 
Althoiigh aost researchers Halt data collection to several hours 
before and after solar noon, the tlae Involved for a sequence of 
aessureaents over widely spaced fields Is often substantial* The 
bidirectional reflectance properties of plant canopies are coaplex 
[2] and not well understood* As a result, spectral data are usually 
not adjusted for diurnal or seasonal changes In sun angle; a factor 
which can lead to serious errors or alslnterpretation of results* 

In an earlier paper [3], we presented spectral data foi wheat 
plots that ware hand planted to a high density within row and 
approaching a hedgerow type conflguation* At the tlae of our obser- 
vations all plants were in the suae penological stage* We discussed 
the coaplex interactions of sun angles with row orientation, geoaetry 
and light reflectance, and concluded that changing sun angles due 



to ti«o-«f-doy ooro Miffleiont Co eboeuro i^poroat tpoetrol dlffovMieoi 
which mltht hovo boon ottrlbotod to vorlocol ehoroetorlotleo* toeowo 
chooo cotulto oppoorod to eontrodlet oorllor findings of t own ond 
Itaotln (4], wo docldod thot tiM of foot of changing mtA ongloo worrutod 
noro tttonslvo invostlgotion ondor flold coi^lclons* As o eonsoqnoneoi 
cha following report doocrlbos o sorlos of bond-hold opoctrol noosoro- 
■onto aodo ot 13 tlnos during o single day over dlfforontlolly wstor- 
stressed idioat plots In throe different growth stsgos. Our tone^fie 
objectives were three-fold: first, to docuawnt the diurnal pattern of 

several widely used vegetation indices derived fron several visible 
and tofrared wavebands; second, to detamine \diether an opCiaun tlM- 
of-day exists for extracting agronowic inforwation trom these spectral 
data; «td third, to usess the relative ■agnltudes of errors in scene 
interpretation which nay arise when canopy geonetry and changing sun 
angle configuration, due to tlae of day, seaaonal or latitudinal 
effects, are not properly accounted for* 

II. SXPERIHEHTAL APPROACH 

Agronowic Methods 

In 1978 wo initiated a "serial cereal" experlnent at Phoenix, 
Arlsona (112 H longitude, 33 N letltude). Three plots of idieat 
(Tritlcua durun Dssf* var. Produra) were planted sequentially, the 
first on 1 Noveaber 1978, the second on IS Decenber 1978 nd the third 
on 13 Februery 1979. Seeds ware wachine-planted in M-S oriented rows 
chat were 18 ea apart. Bach planting was divided into four 12 x 13 ■ 


plots for difforoiitiol Irrigotion purpoooo* Althoogh wliitor roioo 
provoato4 tho oorly ittltiotloa of difforontlol otroto on tho first two 
plsntint«> ^ H April 1979, tho if dlurasl ppoetrsl MssursMats 
wars luds, slgalflesat wstar strata was avldaat la at lasst oaa plot 
wlthla aaeh plsatlap data* 

Tha agronoale data wars attlwatad from S to 6 twlca^waakly 
saaplas cantarad around tha 14 April waaturaaaat pariod. Bach saapla 
coaslstad of 6 raadowly chosaa plaata* (^aaa loaf wraa ladax (CLAI) 
was dataralaad uslag an optically latagratlnt loaf araa aatar* It la 
daflnad hara as a dteantloalaas ratio of tha graan laaf araa (w^) to 
tha surfaca araa of tha soil supporting It (u^)« Fraction brown was 
tha ratio of brown LAX to graan LAI* Final yiald and plant dancity 
wars datarwlnad for tha tpactral targat araas in aach plot at tha tlaa 
of narvast, 1 to 2 aonths latar. Farcant graan covar was aatiaatad by 
a dot grid analysis of vortical photographs of tha targat araas. 
Spactral Maasuraaants 

Obsarvatlons wars aada using an Bxotach Hodal 100 A "T.ANDSAT 
Groundtruth Radloaatar'* with IS* flald-of-viaw lansas. Tha spactral 
bandpassas for this radioaatar ara similar to thosa of LANDSAT 
satallitas. i.a., MSS4 (O.S to 0.6 la), MSSS (0.6 to 0.7 la), MSS6 
(0.7 to 0.8 la). and MSS7 (0.8 to 1.1 la).!^ Tha radioaatar was 

y LaNDSAT apactral data ara axpoetad to follow trands siuilar to 
botach radioaatar data, howavar, absoluta valuas will undoubtadly ba 
dlffarant due to calibration diffarancas and ataospharlc attanuation. 
It should ba polntad out that radlanca data froa the LANDSAT MSS7 is 
quantitisod into 63 diffarant lavals instaad of tha 127 lavals usad in 
tha othar thraa bands* Thus calculations involving digital data froa 
LANDSAT aust ba scalad appropriataly bafora any diract eoaparisons 
batwaan tha two data sata can ba aada. 
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nadir oriantad and hand-hald about 2 ■ abova tha aoil turfaca. It was 
uaad in conjunction with a oicroprocaasor-basad portable data acquisition 
systaw that allows siwultanaous raeording of aaasorawanes frow aaeh band 
and subsaquant direct output to a cowputar [S]» Data collection began hf 
recording four readings froa a BaSOg raflactanca plata» six readings frow 
designated target sones within each of three wheat subplots » four 
readings of the plate, six readings each froa three wheat subplots, etc*, 
until all twelve subplots were aeasured* This sequence, requiring about 
six ainutes to coaplete, was carried out at thirteen tiaes during the 
day, beginning at 0753 h and ending at 1758 h MST* 

III. RESULTS 

Weather and Sun Ang les 

Meteorological conditions on 14 April were characterised by clear 
skies and relatively low levels of hase throughout the day. Wind con- 
ditions reaained calm except during the 1538 h and 1634 h aeasureaent 
period, when light winds were sufficient to cause the leaves to aove 
slightly. Sun altitude changed aarkedly during the aeasureaents froa 
22.5* at 0753 h to a aaxlaua of 65.6* at solar noon, and then dropped 
to 7.2* at 1758 h MST. Sun asiauth varied froa 94* to 276* (Fig. 1). 
Agronoaic Inforaation 

Table 1 presents agronoaic data for the experlaental wheat plots 
on the day aeasureaents were aade. The plots which have the ‘*1'* 
designation, i.e., lA, IB, 1C, and ID, were phenologically aost 


•dvkncad with kernel developaent in the silky ripe etege [6]. The 
green leaf area had paaaed Its peak and was declining* Plot IB 
seneecenced aoat rapidly and sost of Ita canopy was brown because of 
insufficient water. Although the lower canopy elements In plots lA 
and ID were also brown* the upper canopy* flag leaves* heads and awns 
remained green and effectively obscured the soil and brown leaves from 
an overhead nadir view* A slight amount of lodging was present In lA 
and ID* A maximum yield of 6010 kg/ha was recorded In lA* 

The "I" plots were planted six weeks later* Plant density was 
slightly less than In the “I** plots due to different environmental 
conditions during germination and emergence* By mld-Aprll* these 
plots had headed and were Just past the flowering stage with kernels 
partially formed* With the exception of 2A* which had some dying of 
leaves due to limited amount of water* these plots were mostly green* 
the leaves were oriented vertically and percent green cover was 80-90 
percent. Yields from these plots ranged from 2290 to 5680 Icg/ha. 

Plants in the "3" plots were in stage 7 (second node formed and 
the next to the last leaf Just visible) • A few brown leaves were 
present in these canopies* but inasmuch as green cover ranged from 
51 to 73 percent* substantial amounts of soil were viewed by the nadir- 
looking radiometer* Plots 3C and 3D had yields less than 1000 kg/ha* 
This was caused primarily by drought stress imposed after the diurnal 
sequence of radiometric measurements in mid-April* Plot 3B was irri- 
gated one day prior to measurements* and thus the surface soils 
were wet throughout the study* 
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Dlttnul Chanw in Crop 8p<etf I nc«« 

«) Ratio tad ND Indicts > A auabor of Indleoo dorlvod froa 
radloMtrlc MoouroMatt havo baaa propoaad to eharaetarlsa varloua afro> 
noaile paraaatara auch aa plant eovar» loaf araa Indax, bloaaaa» and ylald 
[7]* Uaually incorporating data froa aavaral aavabanda, thaaa Indleaa 
exploit tha fact that aa the danalty of tha photoaythatically active 
bloaaaa Increaaaa, there la a concMltant Increaae in near-infrared 
reflectance and a decreaae In vialble reflectance* For llluatratlon, we 
have choaen two auch Indicea chat utlliae band ratloing techniquea which 
aake thea relatively independent of illualnation intenaity and allainate 
the Irradiance aeaaureaenta required for the calculation of reflectancaa* 
The ratloing of waveband radlancea inatead of reflectancaa alao circua- 
venta errora in irradiance eatiaatea which arc introduced by the 
non-Laabertian reaponaa of BaSO^ referenca panela at low aun anglea [8]. 

Figure 2 ahowa the ratio of radlancea in NSS7 to MSS5 and the 
Noraaliaed Difference paraaeter, MD - (MSS7 - MSSS)/(MSS7 * M8S5), aa a 
function of tine of day for five of our experiaental fielda which repre- 
aent a range of canopy condlf.iona* Tha atandard error bare ahow that 
theae Indicea change algnificantly during the day for each vegetated 
field* They are roughly aynaetrical about aolar noon and attain their 
loweat valuea at that tine* We obaerved tha greateat diurnal changea 
fdien the green LAI waa low and aubatantlal aaounta of aunlit aoll 
(fielda 2A and 3C) or brown leavea (field la; «ere viewed by the 


2 / ND waa originally referred to aa the Vegetation Index or VI [9]* 
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radioaatar* Not* that flald 2A haa thraa tlaaa tlM graan Ikl of 11 
although thalr apactral data ar* atatiatlcally aaparabla at low aun 
aaglaa, thay ara alaoat Idantical froa 1000 to ISOO h* N* found th* 
oppoalt* to ba trua fur fialds ID and 3C« Thay ara atatiatically 
ladlatinguiahabla bafora 0800 h or aftar 1700 h, yat at aldday thay 
raaaln wall aaparatad* Such axaaplaa undaracora tha coaplaxttlaa of 
relating alagla acana miltiapaetral data to agrononoaic variablaa 
without praliainary knowladg* of aun angina and canopy configuration* 
b) Viaibla and 8aar-IR Litht t Tha diurnal pattarna illuatratad 
in Fig* 2 can baat ba axp'.ainad by axaaining th* interaction of inci- 
dent light in tha viafbla (MSS5) and n*ar-IR (MSS7) wavabanda with 
canopy architecture and tha changing proportiona of aoil and graan or 

brown canopy alaaanta* Firat, conaidar th* behavior of viaibla light 

3/ 

when it atrikea a canopy (Fig* 3A)* Wa fotmd that ita raflactanca- waa 
relatively unifom throughout th* day for canopiaa with lAI >3* Th* 
aaaa waa true in field 3B (not aho«m in Fig* 2A) whar* aoila war* wat 
froa a recant irrigation* On tha other hand* th* vertical raflactanca oi 
viaibla light froa aora aparaa canopiaa waa vary dependant upon tha 
direction of inaolation a-'d varied by a factor of 2 with a pronounced 
aaximua at aolar noon* At low aun altitudaa» with th* aun aaiauth at 
right anglaa to row orientation, only th* upper canopy alMianta war* 
illuainatad by direct baaa inaolation* In aoat of our fialda Chaa* ala- 
■anta war* pradoainataly graan plant tiaau* (haada, awna, «id/or upper 

1/ Th* Laabartian raapona* of the BaSOg rafaranca penal waa tmknown and 
thus not corraetad for* Data praaantad by Kiaaa md Kirchnar (8] indi- 
cate that thia will raault in an ovaraatiaation of target reflectance 
factor* at low aun altitudaa* 
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canopy laavaa). Conaaquantly, aarly and lata in tha day all flalda 
ahould and did look alallar froa a raflaetanca atandpolnt In alalblo 
«avolangtha« Howavar, aa tha aui'a altitoda ineraaaaa, and tha atlauth 
angla haeaaa aora parallal with tha rowa, prograaalvaly aora and aora 
aunllght panatratad daapar Into tha canopy, atrlklng both aoll and brown 
laaf targets tdilch hava a auch higher ravlactanca for vlalbla light than 
do green plant leaves* As a result, scana reflectance was higher at noon 
In plot IB because of tha illualnatlon of brown canopy alaaants beneath 
tha partly green flag laavaa* Tha reflectance was higher in 2A and 3C 
because varying aaiourts of soil and brown leaves were being lllualnated. 
In the dense canopies, the proportion of lllunlnated green plant tissue 
reealned essentially constant throughout the day, with the consequence 
that reflectance reaalned rather unlfom despite changing solar anglas* 

We found reflectance of near*IR light (M8S7) to behave quite 
differently, reaching a alnloiuai during aldday* The near->IE reflectance 
froa the senescent vegetation In fleli IB was distinctly lower, but 
dlfferenv'.es between the other canopies were not as clear-cut as were 
those ws observed In the visible wavebands* There are several explana- 
tions for less diurnal change in the near-IR* The first, and aost 
obvious, la that there Is less difference In reflectance between bare, 
dry sunlit soil and green canopy In MSS7 (32 percent vs 37 percent, 
respectively, at solar noon) than In MSS5 (2S percent vs 2 percent)* 

Thus even though sore soil was lllualn ited at high sun angles, the net 
effect oa reflectance In MSS7 was not aa great* A second explanation 
Involves the tr^insalttance properties of green leaves* Although they 
are relativsl/ opaque to visible light, they are considerably less so 
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la tha longar iMvalaagtha, with narr-IR light balag traaaalttad through 
aa May aa alght laaf layara bafora eoaplata attaauatloa (aad haaea aaxl** 
•UB raflaetaaea) oeeura* Thua, at low tun aaglaa, laeldaat light la MSS7 
la latarcapt'id by tha aawa aumbar of laavaa la low aa wall aa high GLal 
altuatloaa; aad alaea raflaetaaea la alwaya aaar mxIbub, tha aaar-U 
doaa aot panlt dlaerlalaatloa batMaa tha two eaaopy eoadltloaa* 

Bowavati durlag aldday, maximm aaar-U raflaetaaea oeeura la flalda 
wharala tha latareaptad daaalty of laavaa la tha path of laeoalng light 
approaehfia alght layara, a altuatloa idileh oeeura oaly uadar vary high 
graaa bloMaa eoadltloaa* 

e) Othar Vaiatatloa ladleaa : Othar typaa of apaetral vagata- 

tloa ladleaa, aueh aa tha Graaa Vagatatloa ladax (GVl), Sell 
Brlghtnaaa ladax (SBl), aad Parpeadleular Vagatatloa ladax (PVl) ara 
llaaar woabloatloaa of two or aora wavabaada. la ordar to Mka thaaa 
ladleaa aora eoaparabla batwaaa daya, aaaaoaa, or latitudaa, tha 
radloMtrle data auat ba axpraaaad aa raflaetaaeaa or coavartad by 
»<ma othar noraallsatloa proeadura ao that thalr abaoluta valuaa ara 
not proper tleaal to tha lavala of lllualaatlea. If Irradlaneaa ara 
not Maaurad dlraetly, aa la often the eaaa with aatalllta aad 
aircraft Maauraaanta, they auat ba aatlMtad by Invoklag a regular 
aaaaoa/tlaa/ latitude dapaadaat cealna raapoaaa fuaetloa, or by 
Manuring tha apaetral rcapooaa of a known relatively unchanging urgat 
and than norMllalng all unknown targata to that obaarvatloa. It la 
laportant to raeognlsa that thaaa “aun angle eorraetlona** will aot raaova 
tha diurnal ehangaa wa report hare, alnca they do not correct for tha 
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aott-Labcrtlan r«fl*<*tane« of llgltt froa a canopy* Indaad» whan wa con- 
vartad targat radlaneaa tc taflactancaa and ealculatad CVI and m using 
publishad Mpirlcal eoafficlanto and PVI using a soil background lino 
darir^ for our Mil» ua found thasa tt aa indieos also cbangad signifi- 
cantly with tiaa-of-day* 

Corralations With ClAI 

Nuaarous studias hara docuaantad corralations batwaan rpactral indi- 
eas and various agronoaic eharaetaristics, particularly thosa ralatad to 
tha canopy's photosynthatically activa bioaass* Littia attantien has 
baan givan to tha influanca that sun anglas hava on those ralationshlps. 
Our data provided a aaans to test whether certain tiaas ware batter than 
others for aoni taring canopy conditions. Using staple linear 
ragrassions, we tested tdtethar spectral radiances could be used to pre- 
dict green leaf area index of all 12 wheat plots at thirteen different 
tines of tha day* An axestnation of tha residuals associated with each 
regression indicated that linear ao/als provided an acceptable 
characterisation of the relation. 

a) Individual Kavabanda : The coefficients of datarainatien, 

which indicate the aaount of variation in O.AI accounted for by a 
particular wavaband are Shown as a function of tiaa of day in Fig. 4A* 

We found that radiances in both HSSA and HSS5 accounted for aora than 
60 percent of tha total variability in regardless of tins of day 
(Fig* 4A). Furtharaora, cur data show that MSS6 has relatively little 
inforaation about the photosynthatically activa bioaass in a canopy, 
since its coefficient of dataraination raaainad lower than 0.2C for all 
but one tiaa period* Although tha 0933 h radiances in tha second near-Ik 
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waveband explained nore of the variabllit 7 in QtAI than the vlalble 
radiances, its overall perforaance was lower. It was particularly 
degraded before that tlae and after 1400 h, laplylng that radiance In 
this waveband cannot dlscrlalnate different GLAl at low sun angles. 

b) Vegetation Indices ; Transforming the spectral data Into com- 
monly used vegetation Indices Improved their ability to predict fflAI 
(Fig. 4B). Both the ratio of MSS7/MSS5 and MD consistently accounted 
for more variability In GLAI than did any of the wavebands taken 
separately. In addition, there does not appear to be any one time-of- 
day which Is best for inferring GLAI. The ratio and HD also remained 
superior to PVI calculated from either radiances or reflectances. In 
fact, prior to 0930 or after 1400, PVI did not appear to be very 
responsive to (XAI at all. We suspect that this was due to the rela- 
tive importance of MSS7 In determining the value of PVI and the fact 
that there Is a serious reduction In green canopy Information content 
of that band at low sun ai gles. 

c) Temporal Changes In Correlations ; Although a relatively good 
correlation exists between the MSS7/MSS5 ratio and HD, and (3AI 
throughout the day, the nature of the relation changes significantly with 
tine. To illustrate this point, we show these Indices vs GLAI for the 
solar noon and 1800 h observations in Fig. 5. These two sets of data 
bound the extremes in sun altitude and azimuth which we observed during 
our study. Data collected at other time periods were Intermediate In 
nature. Our data set Is unique In that it encompasses plants In dif- 
ferent stages of growth and senescence conditions as well as different 
levels of plfc.-.t water status, yet the standard error of the estimate of 
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CLAI maintd at approximataly 0.5 unlea ragardlasa of tha tlaa of day. 
This la an accaptabla arror laval alnea Cha flald aMaaurmant of GLAI 
itaalf, ttaing an optical planlaatar, haa approxlaataly tha aaaa dagraa of 
praclalon aaaoclatad with It. The alopa of tha ratio va GLAI ranalnad 
conacant throughout tha day while the Intercept approached a naxlaua at 
aolar noon. Aa 4 . conaaquence, a predictive equation baaed on eaplrlcal 
data collected for one aet of aun angles will not be able to predict QAl 
well unleaa the apectral data are taken under alallar aun angle con** 
dltlona and unleaa row configuration raaalna approxlaataly the aaae. 

Both the alopa and Intercept of ND va GLAI changed with tlae but the 
relatlonahlpa appeared to pivot about the higher LAI valuea. Thla 
lapllea that under relatively high LAI condxtlona the value of ND will be 
alallar regardleaa of tlae of day. 

Potential Errora In GLAI Prediction 

The final atep In our analyala concerned the deteralnatlon of how 
auch error could be Introduced In the eatlaatlon of GLAI froa uae of 
theaa apectral Indlcea If an eaplrlcal relatlonahlp ware derived froa 
aeaaureaenta at aolar noon and then applied to apectral data collected at 
other tlaea. To perform thla error analyala, we firat calculated an 
expected apectral vegetation Index for O.AI " 1 thru 4 ualng the apeclflc 
relatlonahlp between GLAI and the obaerved ratio 7/5 and ND at each tine. 
Then we uaed that expected Index value to calculate GLAI ualng the aolar 
noon relatlonahlp. Figure 6 ahowa the percent error from the true (^I 
which occurred when we uaed apectral data collected at different tinea of 
the day. Note that aubatantlal errora are introduced for tine perioda 
extending aeveral houra on either aide of aolar noon, a tine period 
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l«ii«rally eonald«r«d for d«c« colloetton* Errors tntroducod sc 

Chs Cl«s of luMiCSAT ovsrpsss srs slso sttniftesnC* Our rssults show chsc 
if Chs rsCto 7/S dots eollsctsd sc solsr noon srs ussd Co gsnsrsCs s 
•odsl for Chs prsdiecton of GLAI froa LANDSAT dsCs (scaosphsrte sCCsn* 
usClon problssa sstds), tc ovsrprsdlcc GLAI by 2S psrcsnc Co 35 
psresnc (Ftt« AA)> Bsrllsr tn chs dsy Chs problsa bscoass svsn aors 
seucs. For «tsapls» tf chs 0900 rsclo dscs wars ussd, ws would prsdicC s 
CLAl of slaosC six for s ftsld whsrs tc scCusllv wss A. 

In gsnsrsl, chs psrcsnc srrors srs t<^ssCsr for low GLAI slcustlons 
snd bscoas aors Colsrsbls ss GLAI spproschss hlghor vslust* This wss 
psrctculsrly svldsnc whsn ws psrforasd chs ssas Cyps of snslysls irlch 
ND snd found ChsC srrors rsastnsd lss4 Chan 10 psrcsnC for s GLAI > 4 
rsgsrdlsss of Chs etas of dsy. This wss svtdsnc tn Fit* 2B snd SB 
whsrs vsluss of Chs norasltssd dtffsrsnes In plocs ID and 2D rsastnsd 
fstrly cousCsnC sc 0.9 ChrouthouC chs dsy. Ths sxsec rssson for Chs 
dtffsrsnes tn tnforaseton concsnc of chs rscto of NSS7 co MSS5 snd chs 
Norasltssd Dtffsrsnes ts unelsar sc Chts potne. 

IV. CONCLUSIONS AND RECONNENDATIONS 

Alchou|h our conclusions asy bs spsctftc co Chs bright soil snd 
norch-souch row orlsncscton ussd tn this sxpsrtasnt, ws hsvs shown chat 
ths dturnsl chsngss tn sun slctcuds snd sslauCh anglss affect vlstbls and 
nsar-lE rsflsetsncs asssursasnts of s whssc canopy tn s coaplsx asnnsr. 
This ts dus to chs tntsractton of ths spsculsr coaponsnt of Irradtsncs 
with crop gsoastry, sotl, and both grssn snd brown plant ttssuss. At 
solar noon, aors dtrset bsam sunlight psnstrscss to ths ground In a whsat 
canopy trlch N-S ortsntsd rows than at other class of ths day, causing 
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■axiaum reflactanca in visible wsvsbsnds and ainlaua oaar-IR raflactanca. 
As a consaquanca, savaral vagatation indicaa calculatad from radiances in 
these aavabanda attained ainiMa values at that tiaa* Earliar and later 
in the day values of these indices were significantly higher which could 
lead to a serious aisinterpretation of canopy conditions if illuaination 
angles and crop geoaetry are not properly accounted for. 

Our findings suggest that the reaote detection of low green bloaass 
levels will be enhanced if spectral aeasureaents are aade tmder low sun 
angle conditions. Also, the ability to differentiate between very high 
green bloaass situations tiill be facilitated by a high sun altitude and a 
sun azlauth parallel with row orientation. Finally, seasonal and latitu- 
dinal ranges of sun position night impose lialtatlons on the use of re- 
aotely sensed spectral data for assessment of dense vegetation conditions 
in some locations. 

Researchers must employ caution when extrapolating empirical 
relations derived under specific sun angle and row orientation conditions 
to other latitudes, seasons and times-of-day. Poor correlations between 
Instantaneously acquired satellite spectra and "ground truth" collected 
over a span of several hours may be a result of rapid diurnal changes we 
observed in spectral reflectances. Liketrlse, we believe that some 
apparent differences or similarities between crops could conceivably 
result from a systematic bia^ in spectral data caused by a regular 
measurement sequence in idilch one target was consistently viewed under a 
different set of sun angles. 

Much information is contained in the diurnal course of canopy 
spectral reflectance and it should be more thoroughly investigated 
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to ocplolt Its potential. The r»ote sensing coaaunlty has extracted 
a great deal of infomatlon from our present sunsynchronous lANDSATs. 
However » we nay find that seasonal and latitudinal variation in the 
sun's relative position could place an upper limit on the anount of 
useful agricultural Infomatlon which can be extracted froa those 
vehicles. It Is likely that the agricultural couunity would derive 
aore benefit froa geostationary satellite platfoms capable of 
monitoring MSS or Thematic Mapper wavebands on a aore continuous basis. 


The Irradlance levels and target radiance data for each time period 
are available In tabular form as an appendix in the AgRISTAR'S version of 


this report 
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Table 1. Agronoalc characteristics of experlaental Produra aheat field, at Phoenix. Arizona 
on 14 April 1979. 
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1. Sun altitude (dagraaa above tha horlaon) and aalntth (dagraaa 

cloekvlsa froc north) angina for Ftioanlx» Arliona, on 14 April 1979< 
2* Diurnal ehangaa in two vagatation Indieas darivad from ipactral 
radiancaa in MSS5 and MSS7 for fiva aalactad Produra whaat fields 
on 14 April 1979 at Phoenix, Arizona* Vertical bars define -t-l 
standard error* Green LAI is shown in parenthesis* 

2a* Radiance ratio of MSS 7 to HSSS* 

2b* Radiance noraalised difference paraeeter* 

3* Reflectance in MSS5 and MSS7 for selected Produra wheat fields as 
a function of time of day* Vertical bars on figure 3A represent 
■fl SE* They have been omitted on 3B to reduce clutter* 

4* Coefficients of determination calculated for the relationship 
between green LAI of 12 experimental fields and the radiances 
measured in each waveband (4a), and four indices calculated from 
them (4b)* 

5* The relationships between green LAI and two vegetation indices 
calculated from spectral data in MSSS and HSS7 for two times of 
the day when sun angles were at «ctremea* 

6* Percent error in green LAI when the relation between spectral 
Indices and (E*AI at solar noon was used with spectral Indices 
observed at other times of the day* 
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Ih« following section documents the radlsnce (Wm ) 
measured In each experimental field. The abbrevia- 
tion "CL" refers to 9S2 confidence limits (1.96 * 
standard error of 6 observations). The measurement 
sequence was different than the order presented in 
the tables: it was STANDABD, lA, 2A, 3A, STANDAKD, 

IB, 2B, 3B, STANDARD, 1C, 2C, 3C, STANDARD, ID, 

2D, 3D, STANDARD. The 4 lines of irradlance data 
shown in the tables were calculated from the mean 
radiance measured over the 0.6 x 0.6 m painted BaSO^ 
reflectance standard at the beginning and end of each 
set of 3 consecutive plots. Thus the first line of 
irradlance values can be used to calculate reflec- 
tances in the "A" plot; the second for the "B" plots 


and so forth 


X ORREifipl... 

S?.RRCTRP»» .. R^r* I ^s^MOESS — RROOURR 
PRODURA WHEAT 

DIURNAI.. RUN DAY 79104 


TIME 753 


14 APR 79 


ORIGINAL PAGE 18 
OF POOR QUALITY 




BAND4 


BANDS 


BAND6 


BAND7 


PLOT 

(0. 5-0. 6) 

(0. 6-0. 7) 

( 0. 7-0. 8> 

(0. 8- 

1. 1> 


RAD 

CL. 

RAD 

CL. 

RAD 

a. 

RAD 

CL. 

1A 

1. 32 

0. 17 

1. 51 

0. 13 

10. 60 

0. 85 

21. 97 

2. 63 

IB 

1. 63 

0. 13 

2. 22 

0. 16 

9. 15 

0. 45 

18. 48 

0. 92 

1C 

1. 37 

0. 34 

1. 58 

0. 41 

9. 29 

2. 28 

17. 94 

4. 61 

ID 

1. 41 

0. 25 

1. 47 

0. 12 

12. 22 

3. 13 

24. 89 

5. 70 

2A 

1. 54 

0. 13 

1. 76 

0. 21 

10. 49 

0. 82 

20. 66 

2. 11 

2B . 

1. 12 

0. 27 

1. 15 

0. 33 

10. 14 

1. 66 

20. 70 

3. 01 

2C 

1. 04 

0. 12 

1. 09 

0. 16 

10. 68 

0. 64 

22. 63 

1. 51 

2D 

1. 02 

0. 15 

0. 97 

0. 18 

10. 57 

1. 43 

21. 93 

3. 25 

3A 

2. 15 

0. 36 

2. 48 

0. 52 

12. 49 

2. 58 

23. 81 

4. 82 

3B 

1. 60 

0. 29 

1. 50 

0. 30 

11. 84 

1. 98 

22. 69 

3. 59 

3C 

1. 54 

0. 08 

1. 48 

0. 10 

12. 14 

0. 78 

22. 88 

1. 69 

3D 

1. 86 

0. 24 

1. 97 

0. 37 

12. 79 

1. 40 

24. 18 

2. 88 


TIME 


750 


757 


IRRADIANCF FROM 

■BARIUM SULFATE STANDARD- 


40. 68 

41. 37 

41. 84 

42. 75 


49 . 91 

50 . 68 

51 . 04 

52 . 12 


40. 82 

41. 56 

41. 70 

42. 59 


53. 88 

54. 84 

55. 09 

56. 21 


RADIANCES IN WATTS / M^2 
OPERATORS PJP 
INCOMING SOLAR RADIATION - 

SUN ALTITUDE ANGLE - 22. 5 

SUN AZIMUTH ANGLE - 93. 9 


328. 96 WATTS / M'^2 

DEGREES 

DEGREES 


; 1 OF DIURNAL. RUN - NO RECORDER PROBLEMS 
EXCELLENT SKY CONDITIONS - VERY GOOD VISIBILITY 
OVERALL DATA QUALITY EXCELLENT 


ACTUAL. DATA FIL.E - SC50279104 


SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CL.OL.IDS - NONE 

CLOUD COVER (TENTHS) - 0 

WTNDSPFFD - SLIGHT BREEZE -***- DIRECTION - 90 

PREC -AT I ON - O -*#*- DEW - NONE 

IRRIG#- TON - 3B 


DATE OF THIS PRINTOUT 16 .HJN 1982 - PJP 


US WATER CONSERVATION LAB, U.SDA, ARS, PHX AZ 


S>ER X AL.. oe? 




RAiO X — F*R:OrU..ilRA WM^AX 


PROnURA WHEAT 


DIURNAL. RUN 

DAY 

79104 




OF POOR QUALITY 

TIME 847 

14 

APR 79 








BAND4 

BANDS 

BAND6 

BAND? 

PLOT 

(0. 5-0. 6) 

(0, 6-0. 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

CL 

RAD 

CL 

RAD 

CL. 

RAD 

a. 

lA 

2. 08 

0. 31 

2. 41 

0. 24 

17. 25 

2. 10 

36. 07 

3. 82 

IB 

2. 67 

0. 46 

3. 77 

0. 47 

14. 31 

1. 62 

28. 83 

1. 89 

1C 

2. 04 

0. 36 

2. 45 

0. 45 

13. 95 

3. 10 

28. 21 

6. 05 

ID 

1. 83 

0. 23 

2. 04 

0. 14 

16. 97 

3. 05 

35. 47 

6. 14 

2A 

2. 76 

0. 23 

3. 53 

0. 44 

16. 38 

0. 87 

31. 73 

2. 38 

2B 

2. 12 

0. 27 

2. 16 

0. 28 

16. 17 

1. 85 

32. 95 

3. 32 

2C 

1. 61 

0. 18 

1. 63 

0. 20 

16. 77 

1. 55 

35. 89 

3. 19 

2D 

1. 60 

0. 31 

1. 55 

0. 31 

17. 80 

1. 48 

37. 21 

3. 21 

3A 

3. 82 

0. 60 

5. 08 

1. 16 

17. 59 

2. 22 

32. 03 

4. 23 

3B 

2. 78 

0. 51 

2. 96 

0. 96 

18. 08 

1. 48 

34. 60 

2. 67 

3C 

2. 70 

0. 19 

2. 82 

0. 24 

18. 82 

0. 99 

36. 36 

2. 36 

3D 

3. 25 

0. 40 

3. 80 

0. 63 

18. 83 

1. 57 

35. 55 

3. 11 


TIME 


IRRADIANCE FROM 

-BARIUM SULFATE STANDARD 


844 


851 


66. 50 
66. 58 

66 . 71 

67. 31 


80. 40 
80. 46 

80. 50 

81. 25 


64. 39 
63. 97 

63. 75 

64. 30 


84. 92 
84. 24 

83. 61 

84. 37 


RADIANCES IN WATTS / M^2 
OPERATORS PJP 

INCOMING SOLAR RADIATION - 537. 073 WATTS / M^2 

SUN ALTITUDE ANGI E - 33. 7 DEGREES 

SUN AZIMI.ITH ANGLE - 102. 2 DEGREES 

2 OF DIURNAL RUN 
SO FAR SO GOOD 

OVERAI L. DATA QUALITY -**- EXCELLENT 

ACTUAL DATA FILE - SC50379104 

SUN - DIRECT REAM UNOBSCURED 

HAZE - NONE 

CLOUDS - NONE 

CI.OLID COVER (TENTHS) - 0 

WINDSPEED - SI IGHT BREEZE -♦**- DIRECTION - 

PRECIPITATION - 0 -##*- DFW - NONE 

IRRIGATION - 3B 


90 


DATE OF THIS PRINTOUT 16 JUN 1982 - PJP 


3F:R I AL.. ORRRAI... 


OfiiaiNAL PAGE IS 
OP pooRQUAunr 


3RFTOXRAI .. R AO X AWCrRS 
PRODLIRA WHEAT 

DIURNAI.. RUN DAY 79104 

TIME 933 14 APR 79 


— RROOLIRA WMI^AT 


BAND4 


BANDS 


BAND6 


BAND7 


PLOT 

(0. 5-0. 6) 

(0. 6-0. 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

Cl. 

RAD 

CL 

RAD 

CL. 

RAD 

CL 

lA 

2. 82. 

0. 31 

2. 98 

0. 18 

22. 47 

2. 11 

46. 50 

3. 66 

IB 

3. 65 

0. 29 

5. 35 

0, 35 

17. 42 

1. 41 

34. 64 

2. 96 

1C 

2. 89 

0. 52 

3. 49 

0. 53 

17. 57 

2. 87 

34. 65 

5. 47 

ID 

2. 52 

0. 42 

2. 75 

0. 35 

22. 78 

4. 67 

47. 17 

9. 53 

2A 

3. 93 

0. 40 

5. 44 

0. 73 

20. 21 

1. 55 

39. 59 

3. 29 

2B 

Z 80 

0. 27 

2. 90 

0. 30 

21. 16 

2. 55 

43. 26 

4. 53 

2C 

2. 17 

0. 13 

2. 15 

0. 13 

21. 11 

0. 89 

44. 89 

2. 27 

2D 

2. 19 

0. 27 

2. 09 

0. 32 

22. 71 

1. 73 

47. 36 

4. 31 

3A 

5. 46 

0. 89 

7. 30 

1. 72 

22. 61 

1. 95 

41. 12 

4. 53 

3B 

3. 17 

0. 43 

3. 31 

0. 64 

20. 00 

1. 82 

37. 94 

3. 15 

3C 

3. 76 

0. 36 

4. 17 

0. 41 

22. 66 

1. 25 

42. 67 

2. 45 

3D 

4. 58 

0. 48 

5. 83 

0. 86 

22. 22 

1. 01 

41. 13 

2. 16 


TIME 


939 


937 


IRRADIANCE FROM 

-BARIUM SULFATE STANDARD 


86 . 12 

85. 69 

86. 23 

87. 30 


103. 22 
103. 24 

103. 81 

104. 94 


81. 49 

80. 95 

81. 51 

82. 83 


107. 58 
107. 04 
107. 69 
109. 37 


RADIANCES IN WATTS / M^2 
OPERATORS PJP 

INCOMING SOLAR RADIATION - 670. 705 WATTS / 


M^2 


• SUN ALTITUDE AN0I..E - 42. 9 DEGREES 

SUN AZIMUTH ANGLE - 110.7 DEGREES 

3 OF DIURNAL. RUN 
SO FAR SO GOOD 

OVERALL. DATA QUAI..ITY -*#- EXCELLENT 


ACTIIAI. DATA FILE - SC50479104 


SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CLOUDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPFFD - SLIGHT BREEZE -##*- DIRECTION - 90 

PRECIPITATION - 0 -*##- DEW - NONE 

IRRIGATION - 3B , 


DATE OF THIS PRINTOUT 5 6 JUN 1982 - P.JP 


US WATFR CONSERVATION L.AB, USDA. ARS. PHX AZ 


- €!ER I OIFRR: 

©RIFOXRAl-. RADTAMOE?® — 
PROnURA WHEAT 

DIURNAL RUN DAY 79104 

TIME 1018 H APR 79 


RROOURA WMRAX 


(XQQlNAL PAG» IS 
OF POOR QUALITY 


BAND4 BANDS BAND6 BAND7 


PL.OT 

(0. 5-0. 6) 

(0. 6-0. 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

CL 

RAD 

a. 

RAD 

CL. 

RAD 

CL 

lA 

3. 34 

0. 2.1 

3. 45 

0. 20 

26. 41 

1. 79 

54. 69 

2. 92 

IB 

4. 56 

0. 50 

6. 82 

0. 68 

20. 32 

1. 84 

39. 74 

2. 71 

1C 

3. 59 

0. 42 

4. 36 

0. 52 

19. 86 

2. 92 

38. 79 

6. 80 

ID 

2. 72 

0. 21 

2. 96 

0. 28 

24. 27 

3. 68 

51. 26 

7. 72 

2A 

5. 20 

0. 50 

*1. 48 

0. 95 

24. 01 

1. 20 

46. 40 

2. 80 

2B 

3. 53 

0. 60 

3. 83 

0. 70 

24. 30 

3. 03 

49. 57 

5. 78 

2C 

2. 82 

0. 15 

2. 96 

0. 14 

23. 99 

2. 44 

51. 05 

5. 43 

2D 

2. 81 

0. 37 

2. 71 

0. 46 

26. 59 

2. 28 

55. 13 

5. 02 

3A 

7. 21 

1. 42 

10. 31 

2. 81 

26. 31 

0. 94 

47. 54 

3. 34 

3B 

3. 99 

0. 46 

4. 33 

0. 78 

2.2. 82 

1. 62 

43. 49 

3. 36 

3C 

5. 35 

0. 80 

6. 40 

0. 65 

26. 62 

1. 27 

49 80 

2. 53 

3D 

6. 12 

0. 63 

8. 12 

1. 26 

26. 08 

0. 96 

47. 89 

1. 80 


TIME IRRADIANCE FROM 

BARIUM SUL.FATE STANDARD 


1015 104. 62 

105. 12 

104. 97 

105. 84 

1072 


128. 89 

126. 29 
126. 22 

127. 25 


101. 72 

102. 30 

98. 76 

99. 64 


129. 92 

130. 66 

133. 43 

134. 67 


RADIANCES IN WATTS / M'^2 
OPERATORS PJP 

INCOMING SOLAR RADIATION - 796. 327 WATTS / M''2 

SUN Al.TITUDF ANGLE - 51. 3 DEGREES 

SUN AZIMUTH ANGLE - 121. 4 DEGREES 

4 OF DIURNAL. RUN 
SO FAR SO GOOD 

OVERALL. DATA QUAI..ITY -#*- EXCEI..LENT 

ACTUAL. DATA FILE - SC50579104 

SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CLOUDS - NONE 

CLOUD COVER (TENTHS) - O 

WINDSPFFD - SLIGHT BREEZE -♦**- DIRECTION - 90 

PRECIPITATION - 0 -*#*- DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 UUN 1982 - PUP 


US WATFR CONSERVATION LAB. USDA. ARS. PHX AZ 


SSER I OIF RS?»s^l... 


SRIFCrXRAl... ‘ R AJD X #=^IMOIFS 
PRODURA WHEAT 

mURNAL. RUN DAY 79104 

TIHE 1104 14 APR 79 


— RRODURR UJMRAT 


0*ttCMNAL PAGE JS 

or POOR QUALmr 



BAND4 , 

BAND5 

BAND6 

BAND7 

PLOT 

(0. 5-0. 6) 

<0. 6-0. 7) 

(0. 7-0. 8) 

(0. 8-1. 1) 


RAD 

CL 

RAD. 

Cl.. 

RAD 

a. 

RAD 

CL. 

lA 

3. 75 

0. 24 

4. 21 

0. 15 

28. 75 

2. 28 

60. 29 

4. 15 

IB 

5. 34 

0. 71 

8. 47 

1. 24 

22. 29 

1. 77 

44. 78 

3. 81 

IC 

4. 54 

0. 76 

5. 83 

0. 69 

22. 95 

3. 69 

44. 61 

6. 87 

ID 

3. 18 

0. 18 

3. 43 

0. 34 

25. 50 

4. 37 

56. 50 

6. 20 

2A 

6. 55 

0. 71 

9. 84 

1. 32 

26. 98 

0. 92 

50. 97 

1. 87 

2B 

4. 28 

0. 48 

4. 99 

0. 53 

26. 61 

2. 13 

54. 42 

4. 41 

2C 

3. 68 

0. 38 

3. 97 

0. 58 

28. 35 

1. 53 

59. 26 

3. 23 

2D 

3. 21 

0. 36 

3. 29 

0. 42 

29. 51 

1. 84 

61. 90 

3. 77 

3A 

8. 27 

1. 69 

11. 36 

2. 58 

28. 52 

1. 35 

50. 94 

2. 20 

3B 

4. 57 

0. 51 

5. 11 

0. 80 

24. 86 

1. 36 

47. 05 

2. 41 

3C 

6. 27 

0. 53 

7. 74 

0. 92 

28. 91 

1. 08 

53. 6<> 

2. 12 

3D 

7. 96 

0. 73 

10. 89 

1. 58 

29. 78 

0 76 

53. 47 

1. 47 

TIME 








****** 

****** 1 nKHJJ Jl r nUn*** 







STANDARD- 









1101 

119. 14 

142. 96 

111. 81 


147. 00 


119. 05 

142. 83 

111. 71 


147. 

16 


1 19. 45 

143. 

11 

112. 09 

147. 63 


119. 35 

143. 

10 

111. 71 


147. 50 


1107 


RADIANCES IN WATTS / n^2 
OPERATORS P^IP 
INCOMING SOLAR RADIATION - 

SUN ALTITUDE AN0I..E - ^-S. 3 

SUN AZIMUTH ANOI E > 136. 4 


358. 407 WATTS / M^2 

DEGREES 

DEGREES 


5 OF DIURNAL RUN 

SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD 
OVERALL DATA QUALITY EXCELLENT 

ACTUAL DATA FILE - SC50679104 

SUN - DIRECT SEAM UNOBSCURED 

HAZE - NONE 

CI..CXIDS - NONE 

CLCH.JD COVER (TENTHS) - 0 

WINDSP.'ED - SI..IGHT BREEZE -*#*- DIRECTION - 90 

PRECIPITATION - 0 -**♦- DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 J(JN 1982 - P.)P 


US WATER conservation I..AB, USDA. ARS» PHX AZ 


;f=:e=“R X of=:R:f=:i=^i.. 

SRF’C-XRj^Vf . RRpn X ^tsIORS — RROOI..JP<#2* UIMETR^T 


PRODURA WHFAT 
DIURNAL. RUN 
TIME H53 


I'. 

DAY 79104 
14 APR 79 


ORIGINAL 10 
OF POOR QUALITY 


BAND4 


BANDS 


BAND6 


BAND7 


P1.0T 

(0. 5-0. 6) 

(0. 6-0. 7) 

(0. 7-0. 8) 

<0. 8- 

1. 1) 


RAD 

CL 

RAD 

Cl.. 

RAD 

CL. 

RAD 

CL 

lA 

4. 16 

0. 14 

4. 54 

0. 20 

29. 96 

1. 03 

61. 75 

1. 90 

IB 

6. 30 

0. 46 

10. 00 

0. 68 

23. 63 

1. 32 

45. 32 

3. 46 

1C 

5. 33 

0. 53 

7. 07 

0. 69 

24. 03 

2. 39 

45. 52 

5. 61 

ID 

3. 27 

0. 06 

3. 76 

0. 43 

27. 24 

3. 40 

56. 92 

7. 21 

2A 

7. 85 

0. 96 

12. 14 

1. 64 

29. 20 

1. 20 

55. 20 

1. 90 

2B 

5. 04 

0. 62 

5. 92 

0. 86 

29. 32 

1. 51 

53, 48 

3. 54 

2C 

4. 07 

0. 54 

4. 60 

0. 82 

29. 47 

1. 29 

61. 26 

2. 47 

2D 

3. 53 

0. 17 

3. 59 

0. 30 

29. 68 

1. 59 

60. 71 

3. 55 

3A 

8. 84 

1. 57 

12. 30 

2. 25 

30. 67 

0. 80 

54. 56 

1. 56 

3B 

5. 34 

0. 37 

6. 17 

0. 69 

26. 41 

0. 90 

49. 52 

2. 08 

3C 

6. 80 

0. 45 

9. 08 

1. 07 

29. 76 

1. 17 

55. 52 

2. 04 

3D 

TIME 

9. 19 

0. 45 

12. 71 

T CtE 

0. 97 

iAri T /vkir 

32. 08 



0. 51 

56. 65 

1. 28 









_ 1 

3 AD T 1 IM OI 

It DAT’D 

o*r AKiri/vDn. 








JUr H 1 r. 

w 1 rilMJLirtrVl * 




1150 

130. 32 

155 51 

121. 02 

158 38 


129. 84 

1 29. 80 

130. 61 


154. 90 

154. 13 

155. 36 


120 . 20 

119. 68 

120. 80 


157. 59 
156. 53 

158. 33 


1157 


RADIANCE.^ IN WATTS / M-^2 
OPERATORS PUP 

INCOMING SOLAR RADIATION - 924.492 WATTS / M^2 

SUN ALTITUDE ANGLE - 64. 3 DEGREES 

SUN AZIMUTH ANGLE - 159.3 DEGREES 

6 OF DIURNAL RUN 

SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD 
OVERALL. DATA QUAL ITY EXCELLENT 


ACTUAL. DATA FIL.E - SC50779104 

SUN - DIRECT BEAM UNOBSCURFD 

HAZE - NONE 

CLOI..IDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPEED - SLIGHT BREEZE -*#*- DIRECTION - 90 

PRECIPITATION - 0 -***- DEW - NONE 

IRRIGATION - 3B 

0 


DATE C7 THIS PRINTOUT 16 JUN 1982 - PJP 


US WATER CONSERVATION I..AB, USDA, ARS, PHX A7 


:R'«=rC:TR«Q.| . 
PRDDURA WHEAT 
DIURNAL RUN 
TIME 1234 


ORIQINAL PAGZ 13 

:EFf T *2,1 OERrEffi^lL. OF POOR QUALITY 

R-*=!*0 T *S5rlMCES> — R-|ROOI.JI^*=5* WMEAiX 

DAY 79104 
14 APR 79 


DAND4 


BANDS 


BAND6 


BAND7 


..OT 

(0. 5-0. 6) 

(0. 6-0. 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

Cl.. 

RAD 

CL 

RAO 

CL. 

RAD 

CL 

lA 

4. 34 

0. 

13 

4. 77 

0. 24 

30. 57 

1. 83 

62. 94 

3. 59 

IB 

6. 71 

0. 

67 

10. 90 

1. 32 

23. 87 

1. 55 

44. 89 

4. 28 

1C 

5. 51 

0. 

71 

7. 63 

0. 80 

22. 47 

3. 41 

42. 69 

7. 40 

ID 

3. 70 

0. 

37* 

4. 28 

0. 71 

27. 55 

2. 64 

58. 29 

5. 82 

2A 

8. 14 

0. 

62 

12. 73 

1. 04 

29. 29 

0. 70 

54. 38 

2. 22 

2B 

5. 52 

0. 

70 

6. 75 

1. 21 

30. 31 

1. 33 

60. 28 

3. 12 

2C 

4. 70 

0. 

53 

5. 57 

0. 79 

29. 98 

1. 29 

61. 09 

2. 39 

2D 

3. 72 

0. 

35 

3. 89 

0. 38 

30. 58 

1. 50 

63. 36 

3. 44 

3A 

9. 80 

2. 

00 

14. 19 

3. 83 

31. 17 

0. 99 

54. 45 

1. 94 

3B 

5. 36 

0. 

32 

6. 08* 

0. 68 

27. 50 

1. 66 

51. 45 

3. 67 

3C 

6. 98 

0. 

61 

9. 55 

1. 69 

30. 32 

0. 66 

55. 95 

1. 68 

3D 

9. 45 

0. 

60 

13. 21 

1. 48 

32. 51 

0. 23 

57. 54 

0. 81 


TIME 


1230 


1238 


IRRADIANCE FROM 

•BARIUM SULFATE STANDARD-- 


132. 29 
131. 86 

131. 95 

132. 04 


157. 64 

156. 98 

157. 22 
157. 19 


122. 27 
121. 59 
121. 63 
121. 79 


160. 12 
159. 27 

159. 82 

160. 04 


RADIANCES IN WATTS ./ M''2 
OPERATORS PJP 
INCOMING SOLAR RADIATION - 

SUN AI..TITUDF ANGL.E - 65. 6 

SUN AZIMUTH ANGLE - 183.3 


928. 189 WATTS / M-^2 

DEGREES 

DEGREES 


7 OF DIURNAL RUN - NEW RECORDER BAT PACK 
SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD 
OVERALL DATA OLIAI..ITY EXCELLENT 


ACTUAL DATA FILE - SC50879104 

SUN - DIRECT BEAM UNOBSCURFD 

HA7E - NONE 

CLOUDS - NONE 

CI.OUD COVER (TENTHS) - 0 

WINDSPEED - SLIGHT BREE?.E DIRECTION - 90 

PRECIPITATION - O DEW - NONE 

IRRIGATION - 3B 


DATE OE THIS PRINTOtJT 16 JI.IN 1982 - PJP 


US WATER CONSERVATION I..AB. USDA. ARS. PHX AZ 




O R E! I.... 


R^r»I^PVC:E3 — F=-IROOt.lFS^ UIME^X 


PRODLIRA WHFAT 


ORiGiNAL PAQc ^ 
OF POOR QUALITY 


niURNAl, RUN 
TIME 1331 


PLOT 


lA 

IB 

1C 

ID 

2A 

2B 

2C 

2D 

3A 

3B 

3C 

3D 

TIME 


ls327 


1335 


DAY 

79104 

14 

APR 79 

BAND4 

(0. 5-< 

0 . 6) 

RAD 

CL 

4. 00 

0. 18 

5. 84 

0. 66 

4. 87 

0. 53 

3. 16 

0. 18 

7. 22 

0. 68 

4. 77 

0. 44 

3. 99 

0. 64 

3. 25 

0. 18 

9. 02 

1. 41 

5. 06 

0. 28 

6. 06 

0. 37 

8. 18 

0. 55 


126. 08 
124. 01. 
124. 06 
124. 56 


BANDS 


(0. 6-0. 1 


RAD 

CL 

4. 

39 

0. 

23 

9. 

31 

1. 

07 

6. 

43 

0. 

60 

3. 

51 

0. 

35 

11. 

15 

1. 

34 

5. 

93 

0. 

54 

4. 

49 

0. 

90 

3. 

25 

0. 

29 

12. 

73 

2. 

65 

5. 

66 

0. 

55 

7. 

89 

1. 

10 

11. 

12 

1. 

29 


150. 09 

147. 79 

148. 09 
148. 54 


BAND6 
(0. 7-0. 8) 


RAD 

CL 

30. 15 

1. 

14 

22. 75 

1. 

90 

2.2. 80 

2. 

61 

26. 93 

1. 

63 

27. 47 

0. 

86 

28. 29 

0. 

55 

28. 32 

1. 

96 

29. 79 

1. 

31 

30. 27 

0. 

84 

26. 93 

1. 

34 

29. 15 

1. 

49 

30. 79 

0. 

63 


1 16. 07 
114. 49 

114. 79 

115. 31 


BANP7 


(0. 8- 

1. 1 

) 

RAD 

CL. 

63. 33 

2. 

99 

44. 47 

4. 

59 

43. 38 

6. 

17 

57. 59 

4. 

06 

51. 69 

1. 

61 

56. 98 

2. 

62 

58. 25 

3. 

54 

62. 52 

2. 

75 

53. 79 

2. 

48 

50. 52 

3. 

08 

54. 95 

3. 

25 

56. 10 

2. 

04 


152. 71 

150. 58 

151. 53 

152. 30 


IRRADIANCE FROM 

BARIUM SULFATE. STANDARD- 


RADIANCES IN WATTS / M'^2 
OPERATORS P.JP 

INCOMING SOLAR RADIATION - 892. 528 WATTS / M*^2 


SUN ALTITUDE. AN0I..E - 61. 7 DEGREES 

SUN AZIMUTH ANGLE - 214.2 DEGREES 

8 OF DIURNAL RUN 

SKY CONDITIONS REMAIN EXCEI..I..ENT - SO FAR .SO GOOD 
OVERAI..I.. DATA QUAL ITY -«■*- EXCEI..LENT 


ACTUAL. DATA FILE - SC50979104 


SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CLOUDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPEED - SLIGHT BREEZE -***- DIRECTION - 90 

PRECIPITATION - 0 -**«- DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 JUN 1982 - PJP 


US WATER CONSERVATION LAB. USDA, ARS. PHX AZ 


S=I|=uR T ^ 1 ... 


OkiginmL page 13 

OF POOR QUALrrV 


CIFFRRfa^l... 

SF-erOTTRiC^t... — RROOIl.lRrf=l 

PRODURA WHFAT 

niURNAl.- RUN DAY 79104 

TIME 14SA 14 APR 79 

BAND4 Pr-)NDs^ PAND6 BAND7 


PI..OT 

(0. 3-0. 6) 

(0. 6-0 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

Cl. 

RAD 

CL 

RAD 

CL. 

RAD 

CL 

lA 

3. 65 

0. 22 

3. 84 

0. 21 

28. 18 

1. 69 

57. 99 

2. 57 

IB 

4. 69 

0. 73 

6. 97 

1. 09 

20. 34 

1. 81 

38. 65 

3. 98 

1C 

3. 56 

0. 39 

4 82 

0. 79 

18. 76 

2. 46 

36. 39 

5. 34 

ID 

2. 72 

0. 24 

3. 07 

0. 34 

23. 33 

1. 94 

49. 36 

4. 81 

2A 

5. 25 

0. 38 

7. 77 

0. 61 

23. 90 

0. 74 

46. 28 

1. 93 

2B 

3. 50 

0. 34 

3. 95 

0. 36 

24. 59 

1. 70 

50. 19 

3. 85 

2C 

3. 13 

0. 39 

3. 36 

0. 52 

24. 49 

2. 51 

50. 99 

4. 95 

2D 

2. 54 

0. 40 

2. 57 

0. 41 

26. 24 

3. 28 

55. 52 

7. 15 

3A 

7. 28 

1. 13 

U . 00 

1. 67 

27. 30 

1. 45 

49. 50 

2. 74 

3B 

4. 31 

0. 24 

4. 54 

0. 45 

25. 49 

1. 58 

48. 67 

3. 01 

3C 

4. 98 

0. 24 

5. 89 

0. 67 

26. 84 

1. 50 

50. 82 

3. 05 

3D 

6. 36 

0. 47 

8. 12 

0. 90 

28. 25 

1. 43 

52. 51 

3. 16 


TIME IRRADIANCE FROM — 

BARIUM SULFATE STANDARD 


1433 

107. 81 

128. 73 

100. 33 

132. 19 


106. 79 

127. 68 

99. 56 

131. 24 


1 05. 67 

126. 57 

98. 42 

130. 01 


105. 10 

125. 75 

97. 99 

129. 36 


1440 


RADIANCES IN WATTS / M-^2 
OPERATORS P.IP 

INCOMING SOLAR RADIATION - 773. 606 WATTS / M'^2 

SUN ALTITUDE ANGLE - 51. 9 DEGREES 

SUN AZIMUTH ANGLE - 237.7 DEGREES 

9 OF DIURNAL. RUN 

SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD 
OVERALL DATA QLIAI..ITY FXCELL.FNT 


ACTUAL DATA FILE - SCSI 079 104 


SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CL01.IDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPEED - SLIGHT BREEZE -***- DIRECTION - 180 

PRECIPITATION - 0 -<<•**- DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 JUN 1982 - P.tP 


US WATER CONSERVATION I..AB. USDA. ARS, PHX AZ 




SrSF-FrOTRAf... 

PRODURA WHEAT 
niURNAL RUN 
TIME 1538 


ORIQINAL PAGE fS 

:I=;R T Of- OF POOR QUALITY 

R»=^r:il <=^|xlOIE^S — FS-ROOUR^ WMRF^T 

DAY 79104 
14 APR 79 


10 


BAND4 


BANDS 


BAND6 


BAND7 


PLOT 

(0. 5-0. 6) 

<0. 6-0. 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

CL 

RAD 

CL. 

RAD 

CL. 

RAD 

CL 

lA 

2. 59 

0. 28 

2. 88 

0. 41 

21. 17 

1. 58 

44. 57 

3. 75 

IB 

3. 34 

0. 46 

4. 74 

0. 59 

15. 99 

2. 12 

30. 97 

2. 96 

1C 

2. 85 

0. 28 

3. 59 

0. 78 

16. 92 

0. 99 

32. 35 

2. 77 

ID 

2. 12 

0. 23 

2. 27 

0. 24 

17. 95 

1. 39 

37. 88 

2. 86 

2A 

3. 35 

0. 32 

4. 79 

0. 41 

17. 79 

1. 56 

35. 87 

2. 81 

2B 

2. 64 

0. 42 

2. 77 

0. 37 

20. 37 

1. 88 

41. 71 

3. 31 

' 2C 

1. 97 

0. 21 

2. 05 

0. 19 

17. 51 

2. 06 

37. 16 

3. 16 

2D 

1. 54 

0. 18 

1. 43 

0. 20 

17. 49 

1. 63 

37. 68 

4. 02 

3A 

5. 11 

0. 76 

6. 58 

1. 23 

22. 82 

1. 62 

42. 91 

3. 73 

3B 

3. 36 

0. 31 

. 3. 32 

0. 43 

21. 43 

1. 40 

41. 57 

2. 76 

3C 

3. 45 

0. 11 

3. 81 

0. 26 

22. 02 

1. 66 

42. 71 

3. 38 

3D 

4. 53 

0. 32 

5. 63 

0. 57 

21. 92 

2. 01 

41. 27 

3. 69 


TIME 


1535 


1542 


81. 83 
80. 31 
79. 31 
78. 17 


IRRADIANCE FROM 

-BARIUM SULFATE STANDARD 


98. 13 
96. 33 
95. 30 
94. 12 


77. 32 
75. 80 
75. 07 
74. 14 


102. 39 
100. 46 
99. 84 
98. 67 


RADIANCES IN WATTS / M^^2 
OPERATORS PJP 

INCOMING SOLAR RADIATION - 610. 089 WATTS / M''2 

SUN Al.TITUDE ANGL E - 40. 2 DEGREES 

SUN AZIMUTH ANGLE - 252.1 DEGREES 

10 OF DIURNAL RUN - WIND PICKING UP 
SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD 
OVERALL DATA QUAI..ITY -♦*- EXCELLENT 

ACTUAL DATA FILE - SCSI 179 104 


SLIN - DIRECT BFAM UNOBSCURED 

MA7.F - NONE 

CLOUDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPEFD - LIGHT WIND 

PRECIPITATION - 0 -tHr*- 

IRRIGATION - 3B 


DIRECTION - 235 

DEW - NONE 


DATE OF THIS PRINTOUT 16 JUN 1982 - PJP 


MQ LIATP'H rriKI^PPWAT T ni\l I AR. IlfinA. puy A7 


/ 


11 




SJIER X ORRRiCiL.. 


SRROXRAI... RAOTAMORS5 RROOl-IRA WWfiT^X 


PRODURA WHEAT 

DIURNAL RUN DAY 79*04 

TIME 1634 14 APR 79 


ORIGINAL PAGE 18 
OF POOR QUALITY 


BAND4 BAND? 6AND6 BAND7 


PL.OT 

(0. 5-0. 6) 

(0. 6-0. 7) 

(0. 7-0. 8) 

(0. 8- 

1. 1) 


RAD 

CL. 

RAD 

CL. 

RAD 

Cl- 

RAD 

CL 

lA 

1. 91 

0. 21 

2. 14 

0. 35 

15. 40 

1. 63 

32. 40 

3. 98 

IB 

2. 34 

0. 25 

3. 24 

0. 41 

11. 42 

1. 05 

22. 59 

2. 01 

1C 

1. 61 

0. 23 

2. 20 

0. 51 

10. 03 

0. 92 

20. 88 

1. 67 

ID 

1. 48 

0. 28 

,1. 60 

0. 16 

12. 64 

1. 85 

26. 69 

2. 34 

2A 

2. 31 

0. 22 

3. 04 

0. 38 

13. 33 

0. 90 

26. 69 

1. 84 

2B 

1. 63 

0. 16 

1. 67 

0. 24 

14. 39 

1. 57 

29. 56 

3. 31 

2C 

1. 14 

0. 20 

1. 12 

0. 19 

10. 99 

2. 00 

23. 78 

3. 70 

2D 

1. 21 

0. 18 

1. 13 

0. 18 

12. 67 

1. 65 

27. 18 

3. 32 

3A 

3. 04 

0. 43 

3. 65 

0. 67 

15. 99 

2. 16 

30. 26 

3. 86 

3B 

2. 27 

0. 29 

2. 22 

0. 32 

15. 27 

1. 25 

29. 53 

2. 80 

3C 

2. 24 

0. 15 

2. 41 

0. 15 

15. 16 

1. 88 

29. 11 

3. 53 

3D 

TIME 

2. 82 

0. 25 

3. 16 
IRF 

0. 33 
(ADIANCE 

15. 88 
FROM— 

1. 83 

30. 20 

3. 63 


BARIUM SULFATE STANDARD 


1631 

55. 31 

67. 00 

5s3. 43 

70. 78 


54. 35 

65. 82 

52. 58 

69. 71 • 


53. 52 

64. 96 

51. 89 

69. 03 


53. 03 

64. 49 

51. 46 

68. 63 


1638 


RADIANCES IN WATTS / M^2 
OPERATORS PJP 

INCOMING SOLAR RADIATION - 420. 616 WATTS / M^2 


SUN hLTITUDE ANOI..E - 28. 8 DEGREES 

SUN AZIMUTH ANGLE - ,261.6 DEGREES 

11 OF DIURNAL RUN - SLIGHTLY CALMER NOW 
SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD 
OVERAI..I.. DATA QUALITY -»*- EXCELLENT 

ACTUAL. DATA FILE - SCSI 279 104 

SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CLOUDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPFFD - LIGHT WIND -#**- DIRECTION - 135 

PRECIPITATION - 0 DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 JUN 1982 - PJP 


US WATER CONSERVATION I.AB. (ISDA. ARS, PHX AZ 


ORIGINAL PAGE !G 

5=:|=:f: X OlfEFi:S?r .. OF POOR QUALITY 

12 

S%F»ECTR;45%L„ R: A-O T *=fl'vlOIE‘S5' — - P-R;OOI„IR:(CV WMfEAT" 
PRODURA WHEAT 

niURNAl. RUN PAY 79104 

TIME 1721 14 APR 79 


BAND7 
( 0 . 8 - 1 . 1 ) 
RAD CL 

22. 41 2. 93' 

14. 53 1. 90 

13. 74 2. 78 

18. 64 2. 79 

16. 80 1. 89 

18. 61 2. 70 

15. 70 2. 87 

16. 21 3. 02 

19. 79 4. 03 

20. 27 2. 63 

19. 86 2. 84 

18. 93 2. 88 


TIME IRRADIANCF FROM 

BARIUM SULFATE STANDARD 

1717 33. 18 40. 93 33; 69 44. 90 

32. 05 39. 56 32. 58 43. 52 

31.38 38.81 31.85 42.82 

30. 83 38. 12 31. 36 42. 19 

1725 


RADIANCES IN WATTS / M'^2 
OPERATORS PJP 

INCOMING SOI..AR RADIATION - 256. 328 WATTS / M-^2 

SUN ALTITUDE ANGLE - 19 PEGRF.ES 

SUN AZIMUTH ANGLE - 268.5 DEGREES 

12 OF DIURNAL. RUN - SHADOWS WEST AREAS THIS AND EARI..IER RUN 
SKY CONDITIONS REMAIN EXCEI..I..F.NT - SO FAR SO GOOD 
OVERALI. DATA QUALITY -*«•- EXCELLENT 

ACTUAL DATA FILE - SCSI 379 104 

SUN - DIRECT BEAM UNOBSCURED 

HAZE - NONE 

CLOUDS - NONE 

CL OLID COVER (TENTHS) - 0 

WINDSPEED - NONE DIRECTION - 180 

PRECIPITATION - 0 DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 JUN 1982 - PJP 

UATFR CONSPRUATTON I AB. USDA. ARS. PHX AZ 


BAND4 BANDS BAND6 


PLOT 

(0. .5- 
RAD 

lA 

1. 35 

IB 

1. 45 

1C 

1. 13 

ID 

0. 98 

2A 

1. 31 

2B 

1. 05 

2C 

0. 74 

2D 

0. 69 

3A 

1. 72 

36 

1. 49 

3C 

1. 31 

3D 

1. 57 


0 . 6 ) ( 0 . 6 - 0 . : 

CL RAD ( 

0. 27 1. 58 0. 

0. 22 2. 13 0. 

0. 28 1. 46 0. 

0. 17 1. 14 0. 

0. 09 1. 61 0. 

0. 16 1. 08 0. 

0. 12 0. 80 0. 

0. 15 0. 69 0. 

0. 25 1. 97 0. 

0. 17 1. 47 0. 

0. 16 1. 32 0. 

0. 20 1. 70 0. 


) (0. 7-0. 8) 

L* RAD . CL 

36 10.85 1.40 

29 7. 33 1 . 23 

42 6. 94 1. 67 

13 8.57 1.21 

17 8. 22 0. 61 

20 8. 97 1 . 28 

16 7. 15 1. 40 

17 7. 30 1. 21 

32 10. 09 1. 89 

15 10. 45 1. 58 

17 9. 95 1. 11 

20 9. 73 1. 52 


3£R X «£=fi... c:f:rr;^i.„ 


R«.OX ftWORS? — RROOl_.»R« WP-fFT.^T 


PRODURA WHEAT 


DIURNAL RUN 

DAY 79104 

ORIGINAL PAGE IS 
OF POOR Q*;ALITY 

TIME 175S 

14 APR 79 




BAND4 

BANDS 

BAND6 

BAND7 

PLOT 

(0. 5-0. 6) 

(0. 6-0. 7) 

(0. 7-0. 8) 

<0. 8-1. 1 ) 


RAD 

CL. 

RAD 

CL. 

RAD 

CL 

RAD 

CL. 

lA 

0. 78 

0. 10 

1. 01 

0. 22 

6. 59 

0. 79 

14. 09 

2. 07 

IB 

0. 79 

0. 09 

1. 10 

0. 14 

4. 09 

0. 59 

7. 89 

0. 90 

1C 

0. 59 

0. 17 

0. 72 

0. 26 

3. 56 

1. 37 

6. 81 

2. 01 

ID 

0. 53 

0. 09 

0. 62 

0. 05 

4. 56 

0. 97 

9. 61 

1. 96 

2A 

0. 69 

0. 07 

0. 82 

0. 10 

4. 60 

0. 45 

9. 51 

1. 14 

2B 

0. 42 

0. 03 

0. 43 

0. 08 

3. 79 

0. 47 

7. 96 

1. 01 

2C 

0. 3S 

0. 10 

0. 39 

0. 10 

3. 62 

0. 64 

7. 78 

1. 20 

2D 

. .0. 32 

0. 07 

0. 31 

0. 09 

3. 65 

0.' 69 

7. 84 

1. 79 

3A 

0. 83 

0. 13 

0. 91 

0. 16 

5. 22 

1. 24 

10. 50 

2. 64 

3B 

0. 73 

0. 06 

0. 72 

0. 03 

5. 24 

0. 73 

10. 14 

1. 14 

3C 

0. 68 

0. 10 

0. 68 

0. 10 

5. 21 

1. 03 

10. 14 

2. 00 

3D 

TTMCT 

0. 74 

0. 08 

0. 80 

0. 11 
T 

4. 78 
crpnM«« 

0. 99 

9. 58 

2. 17 

1 JiniL 


. t 


vnU J 

tl CTATtr Cl 

r nUri“* 

r\ 






3rnr( X iJri 

p w 1 It. o I 

1 HiNiJHrsJ 




1755 

16. 47 

20. 62 

17. 70 

23. 92 


15. 80 

19. 85 

17. 

13 

23. 

12 


15. 26 

19. 22 

16. ! 

57 

22. 34 


14. 59 

18. 37 

15. 92 

21. - 

49 


J.R02 


RADIANCES IN WATTS / M''2 
OPERATORS PJP 

INCOHINO SOLAR RADIATION - 134. 788 WATTS / M^2 

SUN ALTITUDE ANGI..E - 7. 2 DEGREES 

SUN AZIMUTH ANGLE - 276.'3 DEGREES 

13 OF DIURNAL. RUN - SOME SKINNY SHADOWS FROM POLES ONL.Y 
SKY CONDITIONS REMAIN EXCEL.LENT - SO FAR SO GOOD 
OVERALL DATA QUAL.ITY -**- EXCELLENT 


ACTUAL DATA FILE - SC51479104 

SUN - DIRECT BEAM UNOBSCURED 

HA7E - NONE 

CLOUDS - NONE 

CLOUD COVER (TENTHS) - 0 

WINDSPFFD - NONE -•»«*- DIRECTION - 180 

PRECIPITATION - 0 -***- DEW - NONE 

IRRIGATION - 3B 


DATE OF THIS PRINTOUT 16 JUN 1932 - PJP 


US WATER CONSERVATION I..AB, USDA, ARS, PHX AZ 


• Ml 


